lof4

Ablation Studies of Ename Tissueusing Pulsed HF Laser
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Tehratlran (email: khosr o@ku. ac.ir).
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Abstract-We describe studies of the interaction of @00ns
duration, multiline (2.6-3) nm HF laser with enamd tissue. The
etch rateexperiment showed an ablation threshold fluence of 47
Jem™ but using the disper sion theory for optical coefficientsof n
and k for ename at dominant laser lines, this value reduced to
@5 Jem? making it mor e compar ablewith other investigations.
The main mechanism of enamel ablation at 2.78mm where its
absorption is very high thought to be due to microexplosive
evaporation of water within enamd matrix ie. thermo-
mechanical decomposition. Also, using photothermal deflection
techniqgue showed that at fluences bedow threshold a
congderable amount of heat was emitted from the surface
which was detected as a sngle compressve wave. The
ectroscopic sudies indicated that calcium was the main
chemical dement observed in plasma spanning from (420-
620)nm.

Index Terms HF laser, enamd, phototherma  deflection,

Spectroscopy

I Introduction

Laser ablation of dentd tissue has extensvely been studied over
the past decades (1-2). The main reasonsfor applying lasersranging
from IR to UV in dentistry are thought to be due to having less pain
compared with mechanical high speed drilling process, sdective
tissue removal, andgesic and anti-inflamatory effects and dso the
benefit of more cost-effective treatment. Increasing interest in the
useof IR lasersfor ablation of dental hard substances such as dentin
as well as enamd has raised maor concerns regarding a better
undergtanding of laser-tissue interaction mechanism in agiven case
(34). A great ded of work has been done to demondrate the
potentia use of pulsed HF laser for the ablaion of organic materids
(5-8). However, not much work is done about the andysis of a
multimode hydrogen fluoride laser interaction with dentd tissues.
There area number of well established methods which can be used
to andyze the laser-materid interaction including photothermal
deflection, PTD (9), photoacoustics, PA (10) and spectroscopy (11).
In generd, both PTD and PA are based on rapid heating of asample
after the absorption of optica energy. Consequently a therma and
acoudtic change of refractive index ie. medium modulation is
produced. The beam deflection can be due to thermad waves
crossing the probe beam a below ablation threshold or plume and
shock wave fronts a above threshold. This paper is to describe
studies used to evauate the interaction of pulsed HF laser with
enamd tissue usng etch rate, PTD and plasma spectroscopy
experiments.

Il. Materialsand M ethods
Sample preparation
In this study twenty freshly extracted non-carious human third
molars (wisdom) were used. Some of about 2mm thick and 4x3

dimenson and others were kept intact. Before the experiment the
samples were gored in buffered sdine containing 0.2% thymol
solution to prevent bacterid growth. Immediady after the
experiment the samples were placed in 0.9%sodium chloride. Prior
to experiments the samples were air dried and mounted on a disk
with paraffin wax. The cooling system was comprised of ar and
water soray in order to inhibit any heat expenditure around the
trested area.

Experimenta Technique

The home-built laser used in these experiments operated on a
SFe-C3Hg gas mixture at low pressure of 60 torr and was excited by a
fagt, transverse, high voltage discharge. Multiline output energies up
to 500mJ in a @00 ns FWHM was obtained & a pulse repetition
frequency of @.2 Hz. Spectrd measurements reveded that 20
trangitions spanning the wavelength range 2.67-2.96 mm appeared in
the output with dominant emission a 2.76, 2.78, 2.82 and 2.92nm.
The experimental s&t up is shown in figure 1 where the energy
measurements were made using a Gen-Tec pyroelectric joulemeter.
An InAs photodiode (JudsonJ12) dlowed therdtive laser output to
be monitored on a shot-by shot besis.

Materid remova measurements were made by exposing the
samples to a predetermined number of laser pulses n, and
meesuring the depth of materia removed,D,using a high resolution
optica microscope removed,(euromex + 2mm depth resolution).
The average etch rate (removed tissue depth per pulsg)was then
cdculged from DIn(Fig.2). More informetion was achieved
regarding the interaction mechanism using PTD technique. In these
experiments, the probe beam was aHe-Nelaser of 3mW power and
was focused by a lens of 100mm focd length to a waist of few
microns, passed pardld to the sample surface oriented normaly to
the HF laser. Deflection of the probe beam was messured as a
function of pulse number (Fig.3) by afast rising time of 1ns PIN-
slicone photodiode. The output signd was then recorded by a
150MHz digita oscilloscope (Hitachi VC-7102).

The plasma produced during laser interaction was conducted to
a high resolution monochromator by an opticd fibre for analysis of
ablation plume. The resolved Sgnals were then detected by aPMT
(RCA) detector whose output was fed to the computer for deta
storage and further processing.

Experimental Results

Figure 2 shows the etch depth per pulse as afunction of fluence
for the HF laser ablaion of enamd tissue. In the generd case of a
sample in which i-the aosorption is dominant ie. &> § ii-ablaion
commences ingtantaneoudy once athreshold fluence F; is exceeded
and iii-if the plume retains the same absorption coefficient as the
condensed phase, then one can use the well known Beer's law
where the etch rate varies asthe logarithm of fluence.
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Where X, a and F ae ech depth per pulse, absorption
coefficient and fluence respectively. A fit to the data using equation
(1) yidds R@7Jkm? and a@780cm* for the threshold and
effective absorption coefficient, respectively. In order to characterize
the interaction process, the PTD experiment was carried out and
some quantitative information was obtained in a non-destructive
manner. By assuming a Gaussan probe beam one can write its
rel ation with respect to deflection asfollows.

DV =V, erf[y2 %] @

With f and g begin the beam angular deflection and angular
divergence due to change in index of refraction respectively. DV is
the photodiode output voltage at f =0, erf isthe complimentary error
functionie.

of (x) = —— S et
2p @

Figure 3 shows the output voltage (hence deflection) a
function of laser pulse number a 23 Jom?. It canbeseenthe e
voltage amplitude decreases with pulse number and soonitren s
congtant after 4 pulsesindicating that heet emissonfromtheen o
urface has saturated.

Figure 4a shows the eblated enamd surface at 80Jcmi?anc it
gopears a ratively clean aldion with smooth inner wa s
obtained. However, in order to inhibit the enamd surface  n
dehydretion and change of its optical properties, it was v ¥
orayed after defined number of pulses Thisisthoughttob e
main reason for observation of modified surface seenasrims: e
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0 Figure 3. Variatio

| Tor phdtodiode output voltage amplitude
0 asazfunction of laser pulse number|of 23 Jem™ and 2mm

periphery of the ablation crater (Fig. 4b). An example of laser-
induced plasma is shown in figure 5a where the combusion of fast
gected paticlesis dearly seen at the surface. The colour of plasma
gradualy changed from blue when the enamd was dry to orange-
likewhen it was water Sorayed.

Figure 5b is the spectrum of ename plasma spanning from
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Figure 2. Plot of Etch depth per pulse Vs logrithm of
fluence.

420-620 nm with its Srongest emission lines of cacium a 526nm
and 559 nm respectively.

[11. Discusson
It is well known that the use of mid-IR lasers in the fidd of
periodontology such as trestment of carious dentin and enaméd has
been successful. The reason is thought to be due to high asorption
coefficients of hydroxyapatite [Cayo(Pos)s(OH)] with a totd
composition weight of 90% at 9.6mm and 2.8mm respectively. Also,

@ (0)

Figure 4. Scanning eectron micrographs of enan
ablated with HF laser in air. (a) 200 pulses at 67 Jen
(b) 190 nulses at 80 Jem™. In hoth case the samnle w
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the remaining 10% water content has a high absorption pesk at
2.9mm. Therefore, the effective ablation mechanism in (2.7-3)mmis
microablation accompanied with tissue matrix inter-celular weter
evgporation. Since hydroxyapatite has high energy absorptionin this
range, its melting and vaporization at high laser fluences dso affect
theinteraction process (4,12).

It has been found that the vaues of fluence threshold and
absorption coefficient are rdlatively high compared with smilar
investigations. To interpret and judtify the results obtained we begin
with the minimum energy per unit volume accumulated for enamel
ablation which is about aF@4 Jem’® and that is much higher than
the energy needed to vapourize the mineralsin enamd (4). The key
point we have to condder here is that not al the pulse energy is
expended for tissue ablaion. The propagation of eectromagnetic
wave in alinear medium can be determined by optical congtants n
and k which are the red and imaginary part of refractive index
respectively. These congtants in turn depend on digectric congtant,
K and medium conductivity, d. In order to correctly use the
dectromagnetic wave theory one ought to express the changes
occurring in above parameters in terms of radiation frequency and
digpersion. ie. Drude-Lorentz theory (13). Smulation of the theory
for enamd showed that one would expect to have a great ded of
surface reflection, R of 2.76mm and 2.78mm wavelengths near the
resonance frequency of hydroxyapatite at 2.8mm. Assuming that the
radiation is incident normaly to ename surface, then R can be
defined in term of K asfollow.

_(n-1)?%+K?

(4)

(n+1)+ K ?
Also, thered and imaginary part of K ie. K, and K; arerdlated to
nand k by the following expression.
4 T
35 i " T < ]
2,5k~ \ ‘
% 2k— J/ —\ \Il
—— — I

n=Ek + K+
K=E -k + K+ K2

Where k, and k; are each defined in terms of resonance
frequency, w, and the subsdery frequency, w near w,. Fgure 6
shows the variation of n, k and R with inverse wavdength and
hence w, The values of incident energy E;, reflectivity of the surface
R and tranamitted energy in tissue for interaction Er a each
dominant laser modes are given in table below.

It can be seen that only @54% of fluence threshold plays an
effective rolein ablation process. Thus, theiinitid valueof 47Jom?
becomes @25 Jomi? which is closer to 18 Jem™ obtained by seka
eta (12) using Er:YSGG laser. It must be emphasized that a 2.91
mm only 12.2% of incident energy is spent for the enamd ablation
and despite the fact that this wavdength is very dose to the
absorption peak of water a 2.94mm no ename removd takes place.
The reason is Smply because the 2.91mm waveength carries only
5.5 Jemof fluence threshold (7Jcm®) for enamel ablation viadirect
tissue evaporation using Er:YAG laser (14). It is wel known thet
the water presence plays an important role in the materid ablaion
by energy absorption and hence making the cavitation effect more
renounce. Initialy, the voltage amplitude was very high (Fig.3) but
as the interaction proceeded it decreased due to dehydration of
enamd. Thus by keeping the wetness of tissue surface at arddively
congtant level one can dso hope to keep the plasma intengity
congtant. Thisisimportant since water spraying at high fluences can
esdly cause mechanica damage seen as "rims' a around the
ablation zone (Fig4b). This effect can be explained in terms of
shockwaves and gjected particles escgping with high velocity. The
result of pectrascopy in figure Sb shows that dmogt dl the pesks
corresponds to cacium with one sodium line a& 589nm. It is
interesting to notice thet no emission line representing the phosphor
eement was abtained. Thismay be due to fact that the energy of HF
lasr in this experiment was not high enough to cause the
dissociaion of Cay (Pos)s (OH), to release the (PO,)s and hence
remained intact in bulk form.

Q)

Table 1. Calculated values of incident enegry, reflectivity and
trangmitted energy of different HF laser lins for enamd tissue.

Figure 6. Plot of optical coefficients (n,k,R) of enamd asa
function of inversewaveength.

Laser (mm) mode E% R% Er%
2.76 155 58 6.5
2.78 445 55 20
2.82 217 46 15
291 12.2 - 12.2
100 @b4
IV. Conclusion

We bdieve that in the range of 2.76-2.78nm where the
secondary absorption pesk of hydroxyapdite lies, alessviolent and
clesner ablaion of enamd compared with its main absorption pesk
a 9.6 mm is produced. Also, by congtantly keeping the surface of
enamd damp, most of the pulse energy will be spent to vaporizethe
water during the ablation hence screening the tissue from possible
plasma damage. Change of enamd stae due to vaidion in its
absorption coefficient was monitored below fluence threshold using
PTD experiment. The man mined dement detected in
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Spectroscopy was cacium. It seems that a pulsed HF laser with
advantages such as i-waveength tunability between (2.6-3) mm, ii-
high absorption coefficient of hydroxyapatite at 2.8mm, iii-ability of
opticd fibre ddivery and iv-lack of carcinogenetic effects makethis
laser potentially a suitable candidate for some medica gpplications.

References

[1] J White, H. Goodies"Bacterid Reduction of Contaminated
Dentin by Nd:YAG Laser" JDent.Res. Val.70, P.412,1991

[2] RGimble, A.Hansen, "Er:Y AG Clinicd StudiesforHard Tissue
Applications' 4th Internationa congress in lasers in dentidtry,
PP:267-271,1995.

[3] H.Koort,"YAG Lasers in Redtoretive Dentistry a Higtological
Investigation".SPIE 1643,PP.403-406,1992

[4] J Festhersone, D. Fried, "Effect of Pulse Duration and
Repstition Rate on CO, Laser Inhibition of CariesProgresson’.
SPIE 2672,PP.79-88,1996

[5] T.Seiler, IMarshdl, "The Potentia of an IR HF Laser (3mm) for
Corned Surgery", Laser in Ophthamal., Val. 1, PP. 49-60, 1986.
[6] Jlzatt,N.Sankey,"Ablation of Cdcified Biologica Tissue Usng
Pulsed HF Laser Radiation”. |EEE J.Quant.Elect.,Vol.26,PP.2261-
2266,1990

[7] P.Dyer,M.Khosroshahi, STuft.,"Optical Fibre Deivery and
Tissue Ablation Studies Usng a Pulsed HF Lasr".Lasers in
Med.sci.,Vol.7,PP.331-340,1992

[8] P.Dyer, M.Khosroshehi, STuft, "Studies of Laser-induced
Cavitaion and Tissue Ablation in Sdine Usng a Fibre-ddivered
Pulsed HF Laser".Appl.Phys.B56,PP.84-93,1993

[9] JDiaci,JMozina"A Study of Blad Waveforms Detected
Simultaneoudy by a Microphone and a Laser Probe During Laser
Ablation". Appl-phys.A,Val.55,PP.352-358,1992

[10] W.Zapka,A. Tam," Photoacaudtic Pulse Generation and Probe-
beam Deflection for Ultrasonic Ve ocity Messurementsin Liquids'.
Appl. phys. lett., Vol .40,PP.310-312,1981

[11] L.Lademann, H.Weigmann, "Investigation of Laser-Tissue
Interaction in Medicine by means of laser Spectroscopic
Messurements', SPIE Vol.2323,PP.400-409,1996

[12] W.SekaJFestherstone'Lasr Ablation of Dentd Hard
Tissue".SPIE 2672, PP.144-159,1996

[13] JReitzJFredrerick,"Foundations of  Electromagnetic
Theory". Third edition, Addison-Wedey 1979

[14] D.Fried,D.Festherstone"Caries Inhibitation Potential  of
Er'YAGand Er:Y SGG Laser Radiation”.SPIE 2672,PP.73-79,1996



	Main Menu
	-------------------------
	Welcome Letter
	Chairman Address
	Keynote Lecture
	Plenary Talks
	Mini Symposia
	Workshops
	Theme Index
	1.Cardiovascular Systems and Engineering 
	1.1.Cardiac Electrophysiology and Mechanics 
	1.1.1 Cardiac Cellular Electrophysiology
	1.1.2 Cardiac Electrophysiology 
	1.1.3 Electrical Interactions Between Purkinje and Ventricular Cells 
	1.1.4 Arrhythmogenesis and Spiral Waves 

	1.2. Cardiac and Vascular Biomechanics 
	1.2.1 Blood Flow and Material Interactions 
	1.2.2.Cardiac Mechanics 
	1.2.3 Vascular Flow 
	1.2.4 Cardiac Mechanics/Cardiovascular Systems 
	1.2.5 Hemodynamics and Vascular Mechanics 
	1.2.6 Hemodynamic Modeling and Measurement Techniques 
	1.2.7 Modeling of Cerebrovascular Dynamics 
	1.2.8 Cerebrovascular Dynamics 

	1.3 Cardiac Activation 
	1.3.1 Optical Potential Mapping in the Heart 
	1.3.2 Mapping and Arrhythmias  
	1.3.3 Propagation of Electrical Activity in Cardiac Tissue 
	1.3.4 Forward-Inverse Problems in ECG and MCG 
	1.3.5 Electrocardiology 
	1.3.6 Electrophysiology and Ablation 

	1.4 Pulmonary System Analysis and Critical Care Medicine 
	1.4.1 Cardiopulmonary Modeling 
	1.4.2 Pulmonary and Cardiovascular Clinical Systems 
	1.4.3 Mechanical Circulatory Support 
	1.4.4 Cardiopulmonary Bypass/Extracorporeal Circulation 

	1.5 Modeling and Control of Cardiovascular and Pulmonary Systems 
	1.5.1 Heart Rate Variability I: Modeling and Clinical Aspects 
	1.5.2 Heart Rate Variability II: Nonlinear processing 
	1.5.3 Neural Control of the Cardiovascular System II 
	1.5.4 Heart Rate Variability 
	1.5.5 Neural Control of the Cardiovascular System I 


	2. Neural Systems and Engineering 
	2.1 Neural Imaging and Sensing  
	2.1.1 Brain Imaging 
	2.1.2 EEG/MEG processing

	2.2 Neural Computation: Artificial and Biological 
	2.2.1 Neural Computational Modeling Closely Based on Anatomy and Physiology 
	2.2.2 Neural Computation 

	2.3 Neural Interfacing 
	2.3.1 Neural Recording 
	2.3.2 Cultured neurons: activity patterns, adhesion & survival 
	2.3.3 Neuro-technology 

	2.4 Neural Systems: Analysis and Control 
	2.4.1 Neural Mechanisms of Visual Selection 
	2.4.2 Models of Dynamic Neural Systems 
	2.4.3 Sensory Motor Mapping 
	2.4.4 Sensory Motor Control Systems 

	2.5 Neuro-electromagnetism 
	2.5.1 Magnetic Stimulation 
	2.5.2 Neural Signals Source Localization 

	2.6 Clinical Neural Engineering 
	2.6.1 Detection and mechanisms of epileptic activity 
	2.6.2 Diagnostic Tools 

	2.7 Neuro-electrophysiology 
	2.7.1 Neural Source Mapping 
	2.7.2 Neuro-Electrophysiology 
	2.7.3 Brain Mapping 


	3. Neuromuscular Systems and Rehabilitation Engineering 
	3.1 EMG 
	3.1.1 EMG modeling 
	3.1.2 Estimation of Muscle Fiber Conduction velocity 
	3.1.3 Clinical Applications of EMG 
	3.1.4 Analysis and Interpretation of EMG 

	3. 2 Posture and Gait 
	3.2.1 Posture and Gait

	3.3.Central Control of Movement 
	3.3.1 Central Control of movement 

	3.4 Peripheral Neuromuscular Mechanisms 
	3.4.1 Peripheral Neuromuscular Mechanisms II
	3.4.2 Peripheral Neuromuscular Mechanisms I 

	3.5 Functional Electrical Stimulation 
	3.5.1 Functional Electrical Stimulation 

	3.6 Assistive Devices, Implants, and Prosthetics 
	3.6.1 Assistive Devices, Implants and Prosthetics  

	3.7 Sensory Rehabilitation 
	3.7.1 Sensory Systems and Rehabilitation:Hearing & Speech 
	3.7.2 Sensory Systems and Rehabilitation  

	3.8 Orthopedic Biomechanics 
	3.8.1 Orthopedic Biomechanics 


	4. Biomedical Signal and System Analysis 
	4.1 Nonlinear Dynamical Analysis of Biosignals: Fractal and Chaos 
	4.1.1 Nonlinear Dynamical Analysis of Biosignals I 
	4.1.2 Nonlinear Dynamical Analysis of Biosignals II 

	4.2 Intelligent Analysis of Biosignals 
	4.2.1 Neural Networks and Adaptive Systems in Biosignal Analysis 
	4.2.2 Fuzzy and Knowledge-Based Systems in Biosignal Analysis 
	4.2.3 Intelligent Systems in Speech Analysis 
	4.2.4 Knowledge-Based and Neural Network Approaches to Biosignal Analysis 
	4.2.5 Neural Network Approaches to Biosignal Analysis 
	4.2.6 Hybrid Systems in Biosignal Analysis 
	4.2.7 Intelligent Systems in ECG Analysis 
	4.2.8 Intelligent Systems in EEG Analysis 

	4.3 Analysis of Nonstationary Biosignals 
	4.3.1 Analysis of Nonstationary Biosignals:EEG Applications II 
	4.3.2 Analysis of Nonstationary Biosignals:EEG Applications I
	4.3.3 Analysis of Nonstationary Biosignals:ECG-EMG Applications I 
	4.3.4 Analysis of Nonstationary Biosignals:Acoustics Applications I 
	4.3.5 Analysis of Nonstationary Biosignals:ECG-EMG Applications II 
	4.3.6 Analysis of Nonstationary Biosignals:Acoustics Applications II 

	4.4 Statistical Analysis of Biosignals 
	4.4.1 Statistical Parameter Estimation and Information Measures of Biosignals 
	4.4.2 Detection and Classification Algorithms of Biosignals I 
	4.4.3 Special Session: Component Analysis in Biosignals 
	4.4.4 Detection and Classification Algorithms of Biosignals II 

	4.5 Mathematical Modeling of Biosignals and Biosystems 
	4.5.1 Physiological Models 
	4.5.2 Evoked Potential Signal Analysis 
	4.5.3 Auditory System Modelling 
	4.5.4 Cardiovascular Signal Analysis 

	4.6 Other Methods for Biosignal Analysis 
	4.6.1 Other Methods for Biosignal Analysis 


	5. Medical and Cellular Imaging and Systems 
	5.1 Nuclear Medicine and Imaging 
	5.1.1 Image Reconstruction and Processing 
	5.1.2 Magnetic Resonance Imaging 
	5.1.3 Imaging Systems and Applications 

	5.2 Image Compression, Fusion, and Registration 
	5.2.1 Imaging Compression 
	5.2.2 Image Filtering and Enhancement 
	5.2.3 Imaging Registration 

	5.3 Image Guided Surgery 
	5.3.1 Image-Guided Surgery 

	5.4 Image Segmentation/Quantitative Analysis 
	5.4.1 Image Analysis and Processing I 
	5.4.2 Image Segmentation 
	5.4.3 Image Analysis and Processing II 

	5.5 Infrared Imaging 
	5.5.1 Clinical Applications of IR Imaging I 
	5.5.2 Clinical Applications of IR Imaging II 
	5.5.3 IR Imaging Techniques 


	6. Molecular, Cellular and Tissue Engineering 
	6.1 Molecular and Genomic Engineering 
	6.1.1 Genomic Engineering: 1 
	6.1.2 Genomic Engineering II 

	6.2 Cell Engineering and Mechanics 
	6.2.1 Cell Engineering

	6.3 Tissue Engineering 
	6.3.1 Tissue Engineering 

	6.4. Biomaterials 
	6.4.1 Biomaterials 


	7. Biomedical Sensors and Instrumentation 
	7.1 Biomedical Sensors 
	7.1.1 Optical Biomedical Sensors 
	7.1.2 Algorithms for Biomedical Sensors 
	7.1.3 Electro-physiological Sensors 
	7.1.4 General Biomedical Sensors 
	7.1.5 Advances in Biomedical Sensors 

	7.2 Biomedical Actuators 
	7.2.1 Biomedical Actuators 

	7.3 Biomedical Instrumentation 
	7.3.1 Biomedical Instrumentation 
	7.3.2 Non-Invasive Medical Instrumentation I 
	7.3.3 Non-Invasive Medical Instrumentation II 

	7.4 Data Acquisition and Measurement 
	7.4.1 Physiological Data Acquisition 
	7.4.2 Physiological Data Acquisition Using Imaging Technology 
	7.4.3 ECG & Cardiovascular Data Acquisition 
	7.4.4 Bioimpedance 

	7.5 Nano Technology 
	7.5.1 Nanotechnology 

	7.6 Robotics and Mechatronics 
	7.6.1 Robotics and Mechatronics 


	8. Biomedical Information Engineering 
	8.1 Telemedicine and Telehealth System 
	8.1.1 Telemedicine Systems and Telecardiology 
	8.1.2 Mobile Health Systems 
	8.1.3 Medical Data Compression and Authentication 
	8.1.4 Telehealth and Homecare 
	8.1.5 Telehealth and WAP-based Systems 
	8.1.6 Telemedicine and Telehealth 

	8.2 Information Systems 
	8.2.1 Information Systems I
	8.2.2 Information Systems II 

	8.3 Virtual and Augmented Reality 
	8.3.1 Virtual and Augmented Reality I 
	8.3.2 Virtual and Augmented Reality II 

	8.4 Knowledge Based Systems 
	8.4.1 Knowledge Based Systems I 
	8.4.2 Knowledge Based Systems II 


	9. Health Care Technology and Biomedical Education 
	9.1 Emerging Technologies for Health Care Delivery 
	9.1.1 Emerging Technologies for Health Care Delivery 

	9.2 Clinical Engineering 
	9.2.1 Technology in Clinical Engineering 

	9.3 Critical Care and Intelligent Monitoring Systems 
	9.3.1 Critical Care and Intelligent Monitoring Systems 

	9.4 Ethics, Standardization and Safety 
	9.4.1 Ethics, Standardization and Safety 

	9.5 Internet Learning and Distance Learning 
	9.5.1 Technology in Biomedical Engineering Education and Training 
	9.5.2 Computer Tools Developed by Integrating Research and Education 


	10. Symposia and Plenaries 
	10.1 Opening Ceremonies 
	10.1.1 Keynote Lecture 

	10.2 Plenary Lectures 
	10.2.1 Molecular Imaging with Optical, Magnetic Resonance, and 
	10.2.2 Microbioengineering: Microbe Capture and Detection 
	10.2.3 Advanced distributed learning, Broadband Internet, and Medical Education 
	10.2.4 Cardiac and Arterial Contribution to Blood Pressure 
	10.2.5 Hepatic Tissue Engineering 
	10.2.6 High Throughput Challenges in Molecular Cell Biology: The CELL MAP

	10.3 Minisymposia 
	10.3.1 Modeling as a Tool in Neuromuscular and Rehabilitation 
	10.3.2 Nanotechnology in Biomedicine 
	10.3.3 Functional Imaging 
	10.3.4 Neural Network Dynamics 
	10.3.5 Bioinformatics 
	10.3.6 Promises and Pitfalls of Biosignal Analysis: Seizure Prediction and Management 



	Author Index
	A
	B
	C
	D
	E
	F
	G
	H
	I
	J
	K
	L
	M
	N
	O
	Ö
	P
	Q
	R
	S
	T
	U
	Ü
	V
	W
	X
	Y
	Z

	Keyword Index
	-
	¦ 
	1
	2
	3
	4
	9
	A
	B
	C
	D
	E
	F
	G
	H
	I
	i
	J
	K
	L
	M
	N
	O
	P
	Q
	R
	S
	T
	U
	V
	W
	X
	Y
	Z

	Committees
	Sponsors
	CD-Rom Help
	-------------------------
	Return
	Previous Page
	Next Page
	Previous View
	Next View
	Print
	-------------------------
	Query
	Query Results
	-------------------------
	Exit CD-Rom


